We used an indirect immunofluorescence technique to permit the identification and enumeration of individual or closely related strains of chroococcoid cyanobacteria of the general Synechococcus and Synechocystis in natural seawater samples. Antisera directed against each of five strains (two phycoerythrincontaining Synechococcus strains, two phycocyanin-containing Synechococcus strains, and one Synechocystis strain) were produced and tested for crossreactions with cultures of a variety of cyanobacteria and representatives of other algae and bacteria. Each antiserum was relatively specific. The observed crossreactions occurred between strains that were isolated from similar oceanic environments. We were able, therefore, to apply this technique to field samples. Preliminary results for April to December 1982 in Great South Bay, New York, show that Synechocystis populations are present only during spring and summer, phycocyanin-containing Synechococcus strains are only a minor component in the spring and summer, and phycoerythrin-containing Synechococcus populations become significant in summer and remain so until late fall or winter.
Unicellular, chroococcoid cyanobacteria are abundant in the oceans of the world (9, 10, 27) and are significant as primary producers (11, 15) . Although information exists on the density and distribution of these organisms as a group, there is virtually nothing known about the distribution of various strains or species. This study examines the application of immunofluorescence to determine seasonal variations of different strains of chroococcoid cyanobacteria in a temperature zone estuary.
Early work by Van Baalen (25) demonstrated that numerous species of unicellular cyanobacteria are present in the sea. Although most Synechococcus isolates are naked, recently two clones from the Chesapeake Bay (14) and one from Great South Bay, New York, (19) were shown to possess spinae on their outer cell walls. Further indications of morphological and physiological diversity of strains have been noted by Johnson and Sieburth (9) and Duerr (Ph.D. thesis, University of Miami, Miami, Fla., 1981). Rippka et al. (18) found that within the genus Synechococcus, strains could be clustered into three groups based on mean DNA base pair composition; however, within these subgroups, there were variations in phenotypic properties.
The reported physiological and morphological differences that exist among Synechococcus strains are important. It is possible that oceanic regions have their own resident populations capable of unique physiological processes (thermal tolerances, salinity preferences, division rates) that are significantly different from those of other regions. Diatoms are known to exhibit such intraspecific adaptation. Using three species of diatoms, Carpenter and Guillard (4) found significant differences in nutrient uptake ability in strains of each species that was isolated from inshore, shelf, and offshore waters.
Similarly, Brand et al. (2) found that the growth rate of neritic clones of Thalassiosira pseudonana is significantly different from that of oceanic clones.
Unfortunately, the small size of these cyanobacteria makes recognition of different strains difficult. (8, 20, 21) , freshwater (6, 17) , and seawater (5, 26) . Fliermans and Schmidt (6) were prepared for whole-cell vaccines as described previously (24) . Briefly, stationary-phase cultures were pelleted by centrifugation (6,000 x g, 20 min, 10°C), washed six times with sterile saline (0.15 M NaCI), suspended in 100 ml of phosphate-buffered saline (PBS; 0.02 M phosphate, 0.15 M NaCl, pH 7.5) containing 0.6 formaldehyde, and incubated overnight at room temperature with gentle stirring. The fixed cells were collected by centrifugation (6,000 x g, 20 min, 4°C), washed twice with sterile saline, and once in PBS containing 0.2% formaldehyde. The killed cells were resuspended in PBS containing 0.2% formaldehyde and stored at 4°C. Immediately before the injection of rabbits, a portion of vaccine was washed twice with sterile PBS, and the cell concentration was adjusted to 109 cells ml-I.
Preparation of antisera. Female New Zealand white rabbits served as the source of antisera directed against the Synechococcus and Synechocystis strains. Vaccine was injected into the marginal ear vein of each rabbit by the following immunization protocol: day 1, 0.5 ml of vaccine; day 4, 0.75 ml; day 6, 1.0 ml; and booster injections of 1 ml given fortnightly until day 50, at which time the rabbit was exsanguinated by cardiac puncture. The sera were prepared and heat inactivated (56°C, 30 min) as described by Campbell et al. (3) and stored frozen (-20°C). Normal rabbit serum was obtained from each rabbit before immunization procedures began.
Immunodiffusion analysis. Double immunodiffusion in agar was performed by a modification of the Ouchterlony technique (13) to determine the presence of precipitating antibodies in the rabbit antisera. Gelman gel punches were used with microscope slides coated with 1.2% agarose (Seakem; Marine Colloids, Inc.) in Veronal buffer (ionic strength, 0.033; pH 8.6). Slides were incubated overnight, washed for 48 h with PBS containing 0.01 M EDTA, washed with distilled water for 0.5 h, air dried, and stained (2.5 g of Croceine scarlet and 0.15 g of Coomassie brilliant blue R250 in 1 liter of a 5% acetic acid and 3% trichloroacetic acid solution).
Preparation of antigen extracts. Antigen extracts prepared by autoclaving (16) and acid extracting (28) lyophilized, whole cells were used in serological studies. The extracts were dialyzed exhaustively against distilled water and reconstituted to 1 mg/ml in PBS.
Direct agglutination assay. The antibody titers of the rabbit antisera to the antigens of the various Synechococcus and Synechocystis strains were determined by microagglutination by using the Cook system (Dynatech Laboratories, Inc., Alexandria, Va.). Serial twofold dilutions of the antisera were made across rows of wells of the microtiter plates, and 50 ,ul of a suspension of washed, formaldehyde-killed cells (10' to 108 cells per ml) was added to each well. After gentle swirling for 20 s, the plates were incubated for 24 to 48 h at 4°C before determination of agglutination patterns. Titers were expressed as the reciprocal of the highest dilution showing visible agglutination.
Immunofluorescence technique. Specificities of the antisera for Synechococcus and Synechocystis strains were determined by an indirect immunofluorescence procedure. The protocol consisted of collecting a sample onto an Irgalan black-stained filter (0.4 ,um; Nuclepore Corp., Pleasanton, Calif.) and incubating with 2% hydrolyzed gelatin to obtain a dark background and to reduce nonspecific staining (1). The cells were incubated first with 0.6 ml of PBS, normal rabbit serum, or rabbit antiserum (diluted in PBS) for 40 min, washed with three 10-ml volumes of PBS, and then incubated for 30 min with 0.6 ml of a fluorescein isothiocyanate-conjugated goat serum directed against rabbit immunoglobulins (Cappel Laboratories). After PBS washings, labeled cells were given a final carbonate buffer (0.5 M, pH 9) rinse (26) , and then the filter was mounted onto a slide with a glycerol-carbonate (9:1)-buffered medium at an alkaline pH (9.0), which enhanced fluorescence (J. Zuckerman, personal communication). The labeled samples were counted with a Zeiss Universal epifluorescent microscope with a 50-W mercury lamp, blue excitation filter (BP450-490), and emission cutoff at 520 nm. (12) . By use of specific antibodies to Synechocystis and Synechococcus strains, populations of each of these genera were observed. The number of Synechocystis cells ranged from 0.02 x 104 to 3.5 x 104 cells ml-1, with peaks in April and from August through September (Fig. 2) . None were detected after November. The early to midsummer low is possibly the result of washout from high precipitation during that period. Patterns of seasonal abundance were consistent between stations 1 and 2. Samples from station 3 were collected only in the latter half of the summer, but the observed slight peak in August corresponds with the peaks at stations 1 and 2. The decline in abundance observed at all stations at the end of summer does not seem to depend on temperature.
PC-containing Synechococcus cells identified with antiserum to WH 5701 or WH 8101 were never abundant. In the Carmans River estuary, cell numbers remained between 1 x 102 and 6 x 103 cells ml-' during spring and summer; in fall and winter, no cells were observed. For comparison, samples taken in July from lower New York Harbor and Long Island Sound were also labeled with these antisera. Approximately 102 cells ml-' were observed in both locations.
The total number of PE-containing Synechococcus cells was determined by direct counts of autofluorescence. The range of abundance was 0.08 x 105 to 3 x 105 cells ml-' (Fig. 2 ), but populations of these cells were relatively low until August. Preliminary results indicate that strains labeled by antiserum to WH 7803 and antiserum to WH 8016 were present. These initial field results suggest that there may be a seasonal succession of different strains. DISCUSSION Each of these antisera is relatively specific. Cross-reactions do occur among subgroups (Table 2), however, and these groupings seem to be consistent with the oceanic regions from which the strains were isolated. For example, both Synechocystis spp. strains PCC 7339 and 29108 are coastal isolates and tolerate, but do not require, NaCl for growth; each is brightly labeled by antiserum to PCC 7339. PC-containing Synechococcus spp. strains WH 5701 (SYN) and WH 8101 are coastal strains isolated from the northwest Atlantic Ocean. Antisera to these strains label both isolates as well as another estuarine strain, C-3. Similarly, antiserum to WH 8016 (a coastal PE-containing strain) reacts positively with other coastal isolates (unpublished data), but reacts very weakly with a few oceanic PE-containing strains and not at all with PC-containing strains. Antiserum to the oceanic isolate WH 7803 (DC-2) labels many, but not all, of the oceanic isolates. Strains possessing PEs with different absorption maxima have been observed (M. Wood, personal communication), and it is thought that these differences may have ecological significance by influencing photosynthetic efficiency. Whether such physiological differences could be distinguished by immunofluorescence (for which cell surface components are the important antigens) is not certain.
The ecological significance of different strains The G+C content of the PE-containing strains ranges from 57 to 63%, so these isolates probably represent a fourth cluster (Waterbury, personal communication) . Although this appears to be a tight cluster, there may be phenotypic differences not yet defined, but recognizable by immunofluorescence.
Other chemical methods of distinguishing strains within these genera have also been used. Schmidt et al. (22, 23) isolated lipopolysaccharides from the cell walls of each strain they examined. Their characterization of the lipopolysaccharides revealed strain-specific sugars; however, this initial chemotyping of strains had limited correlation with the groupings by G+C content of DNA (22) . Such studies suggest that recognition of cell wall components may be a possible means of identifying these strains. Serological typing of bacterial strains has become a standard method of identifying strains within many groups of bacteria.
By using immunofluorescence, identification of individual or closely related strains is possible. In addition, this method can be used to determine the abundance of individual strains in a natural sample, so that the relative importance of different strains as well as the diversity of a population may be assessed.
